Introduction {#sec1}
============

Osteoarthritis (OA) is a progressive disease with a long silent period showing signs of cartilage degradation, mild-to-moderate synovial inflammation, and altered bone structure, thereby resulting in severe destruction and impaired function of the affected joints [@bib1]. To date, numerous people are suffering from OA which causes inconvenience in their daily life and work. If OA can be detected during the early stages, OA patients can be given early treatment. Therefore, the search for an early diagnostic biomarker of OA is an urgent task for OA diagnosis and treatment.

OA is commonly diagnosed by clinical symptoms and radiographic criteria. Clinical symptoms are identified by physical examination. Pain during movement and a limited range of motion are common to all forms of OA; each joint has unique findings during physical examination [@bib2]. Plain radiography can also be helpful in confirming OA and ruling out other diseases, apart from the advanced imaging techniques, such as computed tomography or magnetic resonance imaging (MRI).

Physical examination lacks accuracy because it is highly dependent on the physician\'s technique and experience. Radiography depends much on technical support, including instrument\'s precision and sensitivity. The limitations of MRI include high cost, low availability, and absence of a validated international score [@bib3]. Furthermore, physical examination and radiography are only effective when OA has reached an irreversible state, thereby delaying the treatment.

To detect OA during the early stages, accurate and reliable biomarkers are necessary. Several biomarkers have been previously studied, such as CTX-II, PIINP, COMP, IL-1β, IL-6, NTX-I, hyaluronic acid, and MMP [@bib4]. The Osteoarthritis Biomarker Network, a consortium of five National Institute of Health-designated sites, has classified five categories of biomarkers: Burden of Disease, Investigative, Prognostic, Efficacy of Intervention, and Diagnostic (BIPED) [@bib5]. Urinary C-terminal telopeptide of type II collagen (uCTX-II) has proven to be a promising biomarker in several researches [@bib6], [@bib7], [@bib8]. It is produced and then excreted to the urine when type II collagen is degraded by cartilage-degrading enzymes as soon as OA occurs [@bib9]. In human clinical trials, uCTX-II had good performance and met the primary clinical endpoints in three pharmacological trials conducted by the group of Christgau in 2004, Gineyts in 2004, and Manjcourt in 2006 [@bib10]. Our study aims to collect as much literature as possible for a comprehensive analysis so that uCTX-II could be employed as a promising biomarker in OA diagnosis.

A biomarker used to predict disease should differ between the disease and non-disease control groups. Furthermore, the difference should be more significant when the disease becomes severe. In this study, we collected the means and standard deviations (SD) of uCTX-II levels for a meta-analysis. We compared the weighted mean difference (WMD) of uCTX-II in the OA and control groups to show that uCTX-II is much higher in the OA group. We performed subgroup analysis to further show that uCTX-II levels are higher in the severe OA group than in the mild OA group.

Methods {#sec2}
=======

Search strategy {#sec2.1}
---------------

We searched the MEDLINE and EMBASE databases updated to 2014 to find literature that used uCTX-II as an OA biomarker, regardless of language, data, and design. The search keywords used were "osteoarthritis", "uCTX-II", and "biomarkers". We extracted 40 studies that conformed to the above query. We further screened out studies by reviewing the full text according to the criteria for study selection and obtained the six included studies.

Criteria for study selection {#sec2.2}
----------------------------

A.Studies that included only humans; studies involving animals were ruled out.B.Studies involving OA patients as well as healthy controls; studies involving only OA patients were ruled out.C.Studies that measured the uCTX-II value for comparison to differentiate between groups, c.D.Studies that diagnosed OA using X-ray and authorized criteria (for e.g., the American College of Rheumatology criteria). Studies that preferably used the Kellgren--Lawrence (KL) scale to distinguish the OA severity. Studies in which OA was not diagnosed by the two methods were ruled out.E.Studies that provided data including the means and SD of uCTX-II levels from each group; studies wherein the two kinds of data were not provided together were ruled out.

Data extraction {#sec2.3}
---------------

In our research, uCTX-II is the variable of interest; thus, we extracted the measured values of uCTX-II levels in both groups. Among these studies, the measured levels of uCTX-II are corrected by the urine creatinine concentration (uCTX-II: ng/mmol Cr). For the meta-analysis, we extracted the mean values and SDs for uCTX-II levels. For literature quality assessment, we gathered detailed information on patients and the healthy controls; the features for judging the literature quality included the age (mean ± SD), body mass index, and disease identification criteria.

Assessment of study quality {#sec2.4}
---------------------------

The study quality was assessed independently by two authors using the Newcastle--Ottawa Scale (NOS), which was applicable to case-control studies. The NOS scale consists of three aspects: patient selection standard of cases and controls (0--4 points); comparability between cases and controls based on the design or analysis (0--2 points); and ascertainment of exposure or non-response rate of exposure (0--3 points). The highest total number of points is 9 points. Each study was judged by these standards to obtain a score for quality assessment.

Meta-analysis {#sec2.5}
-------------

The publication bias was assessed by Egger\'s test and Begg\'s test. We compared the means and SDs of uCTX-II between OA group and non-OA control group to draw a forest plot by WMD. Subgroup analysis was completed according to sex and disease severity.

Results {#sec3}
=======

Literature search and selection {#sec3.1}
-------------------------------

We gathered 144 publications by searching the MEDLINE and EMBASE databases with the keyword "osteoarthritis biomarkers". We screened 40 of these studies, which used uCTX-II as an OA biomarker, and finally selected 6 studies [@bib8], [@bib9], [@bib11], [@bib12], [@bib13], [@bib14] that met our selection criteria ([Scheme 1](#sch1){ref-type="fig"}). The study by Sowers et al [@bib8] in 2009 contained two different experiments that were performed in 1997 and 2009. Merging these data might decrease the statistical significance; thus, experimental data was divided into two groups.Scheme 1Flow diagram of literature search.Scheme 1

Literature quality assessment {#sec3.2}
-----------------------------

According to the NOS, the quality assessment ([Table 1](#tbl1){ref-type="table"}) showed that five studies were of high quality (\> 6 points) and only 1 study was of low quality (\< 4 points).Table 1Characteristics of the studies involved in our meta-analysis.Table 1StudyExperiment yearNo. of OA patientsNo. of controlsMeasurement of uCTX-IIQuality assessment of literature (NOS)Criteria for OA confirmationE.B.Dam 20092009Total = 36\
Female = 16\
Male = 20\
Knee OA = 36Total = 122\
Female = 60\
Male = 62ELISA (Nordic Bioscience, Denmark)6 gradesX-ray assessmentEya Kalai 20122012Total = 125\
Female = 125\
Knee OA = 125Total = 57\
Female = 57ELISA (Nordic Bioscience, Denmark)6 gradesAmerican College of Rheumatology criteria for primary knee OAMaryFran Sowers 20091997Total = 18\
(KL = 2) = 14\
(KL = 3,4) = 4\
Female = 18\
Knee OA = 18Total = 54ELISA (Nordic Bioscience, Denmark)7 gradesX-ray imageMaryFran Sowers 20092009Total = 36\
(KL = 2) = 16\
(KL = 3,4) = 20\
Female = 36\
Knee OA = 36Total = 36ELISA (Nordic Bioscience, Denmark)7 gradesc imageP Garnero 20012001Total = 67\
Knee OA = 67Total = 67ELISA (manufacturer not mentioned)6 gradesX-ray evidence (Joint Space Narrowing)P Garnero 20062006Total = 40\
Hip OA = 40Total = 75ELISA (Nordic Bioscience, Denmark)3 gradesX-ray imageNobuchika Tanishi 20092009Total = 190\
Male = 78\
Female = 112\
(KL = 2) = 126\
(KL = 3,4) = 64\
Knee OA = 190Total = 106\
Male = 47\
Female = 59ELISA (Nordic Bioscience, Denmark)8 gradesX-ray image[^1]

Meta-analysis {#sec3.3}
-------------

1.Forest plot shows that uCTX-II value in OA patients was higher than non-OA patients.

We used the collected data (means and standard error) of uCTX-II from the abovementioned studies to construct a forest plot. Results showed that uCTX-II levels were much higher in OA patients than in controls ([Figure 1](#fig1){ref-type="fig"}). As shown in the figure, these studies were homogenous (*I*^2^ = 34.0%, *p* = 0.168).2.Funnel plot shows that no significant publication bias exists.Figure 1Forest plot of the weighted mean difference of urinary C-terminal telopeptide of type II collagen in patients with radiographically diagnosed osteoarthritis compared with controls. CI = confidence interval; WMD = weighted mean difference.Figure 1

We drew a funnel plot to visually detect the publication bias ([Figure 2](#fig2){ref-type="fig"}). Each spot represented a study, and the spots were symmetrically distributed on both sides. Therefore, the publication bias was not significant. We also applied numerical calculation to show the publication bias more accurately. The Begg\'s test and Egger\'s test were both applied to detect the publication bias. For Begg\'s test, *p* = 0.548, whereas for Egger\'s test, *p* = 0.564 ([Scheme 2](#sch2){ref-type="fig"}). Both *p* values were \> 0.05, indicating that the publication bias was not significant.3.Subgroup analysis shows that heterogeneity exists because of OA severity; uCTX-II increases with the OA severity.Figure 2Funnel plot to assess the publication bias. WMD = weighted mean difference.Figure 2Scheme 2Begg\'s test and Egger\'s test to confirm the publication bias.Scheme 2

To explain why minimal heterogeneity existed, we performed subgroup analysis. According to the severity of OA and sex of patients, we conducted two subgroup analyses.

The first subgroup analysis was based on the OA severity, which was categorized by the KL grade. We classified OA with KL = 3, 4 as severe OA; OA with KL = 2 as mild OA; and OA with KL = 0, 1 as healthy controls.

We drew a forest plot according to our subgroup data ([Figure 3](#fig3){ref-type="fig"}). When OA was mild, the uCTX-II levels in patients were slightly higher than those in the controls (WMD = 28.07). When OA was severe, the uCTX-II levels in patients were much higher than those in the controls (WMD = 119.92). This result indicated that uCTX-II increased with the OA severity.Figure 3Forest plot of the weighted mean difference of urinary C-terminal telopeptide of type II collagen in patients with different severity of osteoarthritis. CI = confidence interval; KL = Kellgren--Lawrence; WMD = weighted mean difference.Figure 3

Furthermore, the overall heterogeneity was (*I*^2^ = 75.1%, *p* = 0.001) significant in the first subgroup; however, the subgroup heterogeneity was not significant for mild OA subgroup (*I*^2^ = 0.0%, *p* = 0.952) and severe subgroup (*I*^2^ = 24.6%, *p* = 0.266). Therefore, the uCTX-II levels in the same OA severity subgroup showed no significant heterogeneity, whereas the overall heterogeneity was caused by the different OA severity.

The second subgroup analysis was based on the sex of the OA patient. Previous studies reported that OA patients of different sex have different uCTX-II [@bib9]. Therefore, to assess whether uCTX-II should be treated differently as an OA biomarker in male and female patients, we also drew a forest plot to analyse this subgroup ([Figure 4](#fig4){ref-type="fig"}). The result showed that there was no significant difference in the uCTX-II levels between sexes. The lack of significant differences in both overall and subgroup heterogeneity also indicated that the overall heterogeneity was caused by the OA severity rather than the different sex.Figure 4Forest plot of the weighted mean difference of urinary C-terminal telopeptide of type II collagen in osteoarthritis patients of different sexes. CI = confidence interval; WMD = weighted mean difference.Figure 4

Discussion {#sec4}
==========

OA is a common heterogeneous syndrome with different clinical phenotypes that continuously evolve and eventually lead to common clinical manifestations [@bib15]. Generally, X-ray is used to confirm the diagnosis of OA because it can reveal clinical changes at the joint margin, such as bony outgrowths and joint space narrowing. However, these radiographic evidences are only found after a substantial cartilage loss has already occurred. Therefore, radiographic evidence cannot prevent OA disease exacerbation. Thus, biomarkers might be a potential alternative for the earlier diagnosis of asymptomatic OA to prevent exacerbation [@bib10].

The best candidates for biomarkers in OA are most likely structural molecules or fragments linked to cartilage, bone, or synovial fluid; these markers may be specific to one type of joint tissue or common to all [@bib3]. Levels of uCTX-II, urinary Glc-Gal-Pyd, and the serum N-propeptide II of type II collagen have been found to increase in OA patients. These compounds are noted as potentially useful biomarkers for the presence of OA because they are also correlated with the joint surface area [@bib13]. A systematic review applied the BIPED classification and indicated that uCTX-II and serum cartilage oligomeric matrix protein had the best performance among all the commercially available biomarkers [@bib4]. uCTX-II originates from type II collagen, degraded by cartilage-degrading enzyme and then secreted in the urine, which has been found to associate with cartilage degeneration and OA [@bib9]. Several studies have tested that uCTX-II levels differed between the OA and non-OA groups [@bib6], [@bib9], [@bib11], [@bib12], [@bib13], [@bib14], [@bib16], [@bib17], [@bib18], [@bib19].

Several conditions can affect the levels of biomarkers. Some evidence suggests that normal physical activity, hormone levels in the body, medication, and different sex all can lead to fluctuations in biomarkers levels. For example, uCTX-II levels were reported to increase after 3 months in a 1-year study [@bib20]. The uCTX-II levels differed significantly between premenopausal and postmenopausal women [@bib9], [@bib21] and also differed between sexes [@bib9]. The uCTX-II levels were found to decrease after the use of bisphosphonates [@bib9]. Furthermore, evidence suggested differences of some biomarkers in different joints or tissues [@bib22], [@bib23], [@bib24]. Because the levels of biomarkers have fluctuating properties, the measured data of one independent test has high data error. And in order to decrease the data error, in our study, we analyzed and summarized the measured data of several independent tests. Meanwhile, differences exist in biomarkers levels in different groups; therefore, we conducted subgroup analysis to discover the significance of this difference.

According to the patients\' conditions from the literature, we performed two subgroup analyses in our research. For sex subgroup analysis, the WMD of female patients was slightly higher than that of male patients, indicating that uCTX-II levels were not significantly different between female and male patients. However, in the OA severity subgroup analysis, we found an increasing trend in the elevated uCTX-II levels as the OA severity increased.

Nevertheless, our meta-analysis has some limitations. First, the literature available related to our research is limited. A large amount of studies focused on OA biomarkers and uCTX-II, but most of them could not provide detailed measurement data that we needed. Based on our selection criteria, we had to exclude most of them. Second, the seven comparisons are not from the same cohort, including the Asian, European, and Caucasian populations. This difference may cause variance resulting from ethnic differences. Finally, the amounts are not well-proportioned in sex subgroup analysis. The sex subgroup analysis had two male experiments and five female experiments. Therefore, sampling may have biased the overall effect in the OA sex subgroup. The results in our study need to be verified in subsequent experiments.

Conclusion {#sec5}
==========

We obtained six publications by screening the literature according to abstract analysis and selection criteria. Our study showed that the uCTX-II levels were higher in OA patients than in the healthy controls. Subgroup analysis revealed that uCTX-II level increased with OA severity. We thought that uCTX-II could be a promising biomarker in the diagnosis of the future.

Authors\' contributions {#sec6}
=======================

MJH and JYZ searched literature related to this project, selected our desired studies, extracted useful data, processed these data, and drafted the manuscript. YH and LMD provided software 12.0 analysis support. XLZ conceived this project, and helped with manuscript writing.

Conflict of interest {#sec7}
====================

None of the authors has any financial or personal relationships with other people or organisations that could potentially and inappropriately influence (bias) their work and conclusions.

This work was supported by grants from The Ministry of Science and Technology of China (No. 2015DFG32200), National Natural Science Foundation of China (No. 81572123) and Shanghai Municipal Education Commission-Gaofeng Clinical Medicine Grant Support (No. 20161314).

[^1]: ELISA = enzyme-linked immunosorbent assay; KL = Kellgren--Lawrence; NOS = Newcastle--Ottawa Scale; OA = osteoarthritis; uCTX-II = urinary C-terminal telopeptide of type II collagen.
